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extent and avoid delaying the response time of other inter-
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INTERRUPT PROCESSING METHOD AND
INTERRUPT CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s the U.S. National Phase application of
PCT application number PCT/CN2014/084861 having a
PCT filing date of Aug. 20, 2014, which claims priority of
Chinese patent application 201410218643.3 filed on May
22, 2014, the disclosures of which are hereby incorporated
by reference.

TECHNICAL FIELD

The present document relates to the technical field of
interrupt processing, in particular to an interrupt processing

method and an interrupt controller.

BACKGROUND

In the field of design of iterrupt controllers on mobile
chips, an interrupt controller processing mode which 1s
commonly seen at present 1s a mode of passively receiving
an 1nterrupt signal. A structure of a current interrupt con-
troller 1s as illustrated 1n FIG. 1. At present, the design of the
mobile chip adopts SOC architecture, almost all peripherals
are 1tegrated on the chip, diflerent buses and bus bridges
are used as slaves to complete 1interaction with a CPU, and
an interrupt line 1s used as a master to complete interaction
with the CPU. All interrupts 1n peripherals are connected to
an 1nterrupt controller by sharing one interrupt line. A
sampling interface in the iterrupt controller performs sam-
pling to the connected interrupt line and sends a sampling,
result to an mterrupt control logic. When a certain interrupt
line connected to the interrupt controller i1s eflective, the
interrupt control logic judges whether a current sampled
signal 1s effective according to information preset by a user
in a register group through a slave port, such as interrupt
ecnable or not, mterrupt triggering mode and interrupt prior-
ity. If ves, the sampling interface 1s controlled to stop
performing sampling to the interrupt line of the current
response, the interrupt line connected to the CPU 1s simul-
taneously enabled to be effective and the CPU 1s enabled to
make a response to the interrupt. The CPU automatically
turns off a master interrupt, then operates an interrupt
processing program, reads a current corresponding interrupt
number from an interrupt controller group, and then pro-
cesses the corresponding interrupt according to the interrupt
number. If a triggering mode of the interrupt to which a
response 1s made 1s of a level type, an interrupt clear register
in the corresponding peripheral further needs to be written 1n
the mterrupt processing program to clear an interrupt source.
After interrupt processing 1s completed, the interrupt pro-
cessing program will write a value required by the interrupt
controller 1nto a designated register in the mterrupt control-
ler group, and thereby the interrupt control logic will enable
the sampling interface to continuously perform sampling to
the interrupt line of the current response to make a response
to a new 1nterrupt. Simultaneously, the master interrupt of
the CPU will be turned on to make a response to other
interrupts.

In the abovementioned interrupt processing method of the
interrupt controller, for the level-triggered interrupt, under a
situation that the interrupt source 1s not cleared, the interrupt
controller will continuously make a response to the current
interrupt after making a response to one interrupt, and a
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2

system operation fault 1s caused. Simultaneously, 1n an SOC
system, peripherals are often mounted under sub-buses of
different speeds, and when the CPU clears the interrupt
source, the CPU needs to access the interrupt clear register
of the corresponding peripheral through many bus converter
bridges to acquire information needed for clearing the
interrupt source; consequently the CPU needs to spent much
time 1n performing an interrupt source clear operation and 1t
1s not beneficial to quick response to the interrupt; and the
interrupt processing principle is that the time of turning off
the master interrupt of the system 1s as short as possible, and
otherwise, the response time of other interrupts will be
delayed.

SUMMARY

The major technical problem to be solved by the embodi-
ments ol the present document 1s to provide an interrupt
processing method and an interrupt controller, so as to solve
the problem that a CPU needs to spend much time in
clearing an interrupt source.

In order to solve the abovementioned technical problem,
the following technical solution i1s adopted:

An mterrupt processing method includes:

before a CPU writes interrupt processing completion
identification information of a current iterrupt into an
interrupt controller, storing interrupt source clear informa-
tion of the interrupt into the interrupt controller; and

when the interrupt controller receives a request, sent by
the CPU, for writing the interrupt processing completion
identification information, clearing an interrupt source of the
interrupt according to the interrupt source clear information
stored 1n the interrupt controller.

Alternatively, the interrupt source clear information
includes an interrupt clear register address of a peripheral
which produces the interrupt and content 1n an interrupt
status register corresponding to the interrupt.

Alternatively, the step of storing the interrupt source clear
information of the interrupt into the interrupt controller
includes:

when the peripheral 1s mitialized, acquiring the interrupt
clear register address of the peripheral and storing the
interrupt clear register address into the interrupt controller.

Alternatively, the method further includes: when the
peripheral 1s initialized, acquiring an interrupt status register
address of the peripheral and storing the interrupt status
register address into the interrupt controller.

Alternatively, the step of storing the interrupt source clear
information of the interrupt into the interrupt controller
includes:

when the CPU makes a response to the imterrupt produced
by the peripheral, reading a content 1n the interrupt status
register corresponding to the interrupt according to the
interrupt status register address, and storing the content 1n
the interrupt status register corresponding to the interrupt
into the interrupt controller.

Alternatively, after the CPU makes the response to the
interrupt and when the content 1n the interrupt status register
corresponding to the interrupt needs to be acquired, the
content 1s acquired from the interrupt controller by directly
using the interrupt status register address stored in the
interrupt status register.

Alternatively, the step of clearing the interrupt source of
the interrupt according to the interrupt source clear infor-
mation stored 1n the interrupt controller includes:
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initiating bus write transmission by adopting the interrupt
clear register address and using the content 1n the interrupt
status register as data to clear the mterrupt source.

Alternatively, the interrupt 1s a level-triggered interrupt.

An interrupt controller includes a storage module and an
interrupt clear module;

the mterrupt clear module 1s arranged to, before a CPU
writes interrupt processing completion 1dentification infor-
mation of a current interrupt into the interrupt controller,
acquire 1terrupt source clear mformation of the interrupt
and store the interrupt source clear information into the
storage module; and when the interrupt controller receives a
request, sent by the CPU, for writing the interrupt processing,
completion i1dentification nformation, clear an interrupt
source of the interrupt according to the interrupt source clear
information stored in the storage module; and

the storage module 1s arranged to store the interrupt
source clear information.

Alternatively, the interrupt source clear information
includes an interrupt clear register address of a peripheral
which produces the interrupt and content 1n an interrupt
status register corresponding to the interrupt.

Alternatively, the storage module includes an interrupt
clear register address storage unit;

the interrupt clear module 1s further arranged to, when the
peripheral 1s 1nitialized, acquire the interrupt clear register
address of the peripheral and store the iterrupt clear register
address 1nto the interrupt clear register address storage unit;
and

the interrupt clear register address storage unit 1s arranged
to store the interrupt clear register address of the peripheral.

Alternatively, the storage module includes an interrupt
status register address storage unit;

the iterrupt clear module 1s further arranged to, when the
peripheral 1s mitialized, acquire an interrupt status register
address of the peripheral and store the interrupt status
register address into the interrupt status register address
storage unit; and

the interrupt status register address storage unit 1s
arranged to store the iterrupt status register address of the
peripheral.

Alternatively, the storage module further includes an
interrupt status register content storage unit;

the mterrupt clear module 1s further arranged to, when the
CPU module makes a response to the iterrupt produced by
the peripheral, read the content 1n the interrupt status register
corresponding to the interrupt according to the interrupt
status register address, and store the content 1n the iterrupt
status register corresponding to the interrupt into the inter-
rupt status register content storage unit; and

the interrupt status register content storage unit 1s
arranged to store the content 1n the interrupt status register
corresponding to the interrupt.

Alternatively, the interrupt status register content storage
unit 1s further arranged to, after the CPU makes the response
to the mterrupt and when the content 1n the mterrupt status
register corresponding to the interrupt needs to be acquired,
provide the CPU with the interrupt status register content
stored content by the CPU.

Alternatively, the iterrupt clear module 1s arranged to
clear the interrupt source of the interrupt according to the
interrupt source clear information stored in the storage
module 1n accordance with the following modes:

initiating bus write transmission by adopting the interrupt
clear register address and using the content 1n the interrupt
status register as data to clear the mterrupt source.
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According to the interrupt processing method and the
interrupt controller 1n the abovementioned technical solu-
tion, before a CPU writes interrupt processing completion
identification information of a current interrupt into an
interrupt controller, interrupt source clear information of the
interrupt 1s stored into the interrupt controller; and then
when the 1nterrupt controller receives a request, sent by the
CPU, for writing the interrupt processing completion 1den-
tification mformation, an mterrupt source of the interrupt 1s
directly cleared according to the interrupt source clear
information stored in the interrupt controller, and the CPU
does not need to firstly access an interrupt clear register of
a corresponding peripheral through a plurality of bus con-
verter bridges to acquire information needed for clearing the
interrupt source and then perform the clearance. Therelore,
the solution provided by the present document can shorten
the time needed for clearing the interrupt source to a
relatively great extent and avoid delaying the response time
of other interrupts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a structural schematic diagram of an
interrupt controller.

FIG. 2 illustrates a flowchart of an interrupt processing
method provided by embodiment 1 of the present document.

FIG. 3 illustrates a structural diagram of an interrupt
controller provided by embodiment 2 of the present docu-
ment.

FIG. 4 illustrates a structural diagram of an interrupt
controller provided by embodiment 3 of the present docu-
ment.

FIG. § illustrates a flowchart of triggering interrupt source
clearance provided by embodiment 3 of the present docu-
ment.

FIG. 6 illustrates a flowchart of an interrupt source
clearing process provided by embodiment 3 of the present
document.

DETAILED EMBODIMENTS OF THE
INVENTION

The present document will be further described below 1n
detail through specific embodiments with reference to the
drawings.

Embodiment 1

Please refer to FIG. 2. An interrupt processing method
provided by this embodiment includes the following steps:

In step S201, before a CPU writes interrupt processing,
completion 1dentification information of a current interrupt
into an interrupt controller, interrupt source clear informa-
tion of the interrupt 1s stored into the interrupt controller.

The interrupt processing completion i1dentification infor-
mation 1n this embodiment refers to mformation which 1s
used for telling the interrupt controller about the end of the
processing of the current interrupt after the processing of the
interrupt 1s completed, so as to enable the interrupt controller
to make a response to a new interrupt and simultaneously
turn on a master mterrupt of the CPU to make responses to
other 1terrupts.

The terrupt processing completion identification infor-
mation 1s a value required by the interrupt controller, e.g., 1t
may be an interrupt number, an interrupt vector address or
a fixed value. An interrupt processing program will write the
value required by the interrupt controller into a designated
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register 1n an interrupt controller group, such that an inter-
rupt control logic of the interrupt controller enables a
sampling interface to continuously perform sampling to an
interrupt line of the current response to make a response to
a new nterrupt; and simultaneously the master mterrupt of
the CPU will be turned on to make responses to other
interrupts;

in step 202, when the interrupt controller receives a
request, sent by the CPU, for writing the interrupt processing,
completion identification information, an interrupt source of
the mterrupt 1s directly cleared according to the interrupt
source clear information stored in the interrupt controller.

In step 203, the interrupt processing completion identifi-
cation information 1s written into the interrupt controller
such that an mterrupt control logic of the interrupt controller
cnables a sampling interface to continuously perform sam-
pling to an interrupt line of a current response to make a
response to a new interrupt; and simultancously a master
interrupt of the CPU is turned on to make responses to other
interrupts.

It can be seen that, in the interrupt processing method
provided by this embodiment, before the CPU writes the
interrupt processing completion identification information
of the current interrupt into the interrupt controller, the
interrupt source clear information of the interrupt 1s stored 1n
advance 1nto the mterrupt controller; and then after the CPU
processes the interrupt, the clearance of the interrupt source
can be directly performed according to the interrupt source
clear information stored 1n advance in the mterrupt control-
ler, and the CPU does not need to access an imterrupt clear
register of a corresponding peripheral through a plurality of
bus converter bridges to acquire nformation needed for
clearing the interrupt source and then perform clearance.
Theretore, the time needed for clearing the mterrupt source
can be shortened to a relatively great extent and delaying the
response time of other interrupts 1s avoided.

In this embodiment, the interrupt source clear information
includes an interrupt clear register address of a peripheral
which produces the interrupt and content 1n an interrupt
status register corresponding to the interrupt. For the inter-
rupt clear register address, when the peripheral 1s 1mitialized,
the interrupt clear register address of the peripheral may be
acquired and stored in the interrupt controller. For the
storage of the content 1n the interrupt status register corre-
sponding to the interrupt, it includes: when 1t 1s monitored
that a CPU module makes a response to the interrupt
produced by the peripheral, the content 1n the interrupt status
register corresponding to the interrupt 1s read according to
the interrupt status register address corresponding to the
interrupt and 1s stored into the interrupt controller, 1.e., when
it 1s monitored that the CPU makes a response to one
interrupt, the content in the interrupt status register corre-
sponding to the interrupt 1s immediately acquired. In addi-
tion, 1n this embodiment, when the peripheral 1s 1mitialized,
the interrupt status register address of the peripheral may be
acquired 1n advance and stored into the interrupt controller,
and thus, when the content 1n the interrupt status register
corresponding to the interrupt i1s to be acquired, it may be
acquired by directly using the interrupt status register
address stored 1n the interrupt controller.

In this embodiment, after the CPU makes the response to
the interrupt and when the content 1n the interrupt status
register corresponding to the interrupt needs to be acquired,
the content may be directly acquired from the interrupt
controller since the interrupt controller has already acquired
in advance and stored the content 1n the iterrupt status
register corresponding to the interrupt. In chip design,
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6

interaction between the interrupt controller and the CPU
generally has a very low delay, and thus by temporarily

storing the content needed by the CPU 1n advance into the
interrupt controller, 1t obviously has a lower access delay to
directly acquire the content from the interrupt controller
when the CPU acquires the content.

In this embodiment, when the CPU sends a request for
acquiring the content 1n the corresponding interrupt status
register to the interrupt controller, 1f the interrupt controller
has not completely acquire the content in the corresponding
interrupt status register from the peripheral, the operation
that the CPU reads the content from the 1nterrupt controller
will be firstly blocked; and after the interrupt controller
completely acquires the content 1n the corresponding inter-
rupt status register from the peripheral, the blocking opera-
tion performed to the CPU 1is canceled. Since the interrupt
controller 1n this embodiment has already started reading the
content 1n the interrupt status register from the correspond-
ing peripheral after the CPU makes the response to the
interrupt, microsecond-scale time, 1.e., time Irom the
moment when the interrupt controller starts to make the
response to the interrupt to the moment when the CPU
completes acquiring the content 1n the interrupt status reg-
ister of the peripheral, has already elapsed when the CPU
needs to acquire the content, and thus the probability of
occurrence of the blocking operation here i1s substantially
ZErO0.

In this embodiment, in step 202, the operation that the
interrupt source of the interrupt 1s cleared according to the
interrupt source clear information stored in the interrupt
controller specifically includes: bus write transmission 1s
initialized by adopting the interrupt clear register address
and using the content in the interrupt status register as data
to clear the interrupt source of the interrupt. In this embodi-
ment, specifically the corresponding interrupt clear register
address may be found through an index of an interrupt
number of the current interrupt.

The interrupt 1n this embodiment may specifically refer to
a level-triggered interrupt. Of course, 1t may also be any
other interrupts which need interrupt source clearance.

Embodiment 2

This embodiment provides an iterrupt controller. Please
refer to FIG. 3. The interrupt controller includes a storage
module 301 and an interrupt clear module 302, herein:

the 1nterrupt clear module 302 1s arranged to, before a
CPU writes interrupt processing completion i1dentification
information of a current interrupt into the mterrupt control-
ler, acquire interrupt source clear information of the inter-
rupt and store the interrupt source clear information into the
storage module 301; and when the interrupt controller
receives a request, sent by the CPU, for writing the interrupt
processing completion identification information, clear an
interrupt source of the mterrupt according to the interrupt
source clear information stored in the storage module 301.

It can be seen that, when the interrupt controller provided
by this embodiment 1s compared with the related terminal
controller, 1t 1s added with the storage module 301 which 1s
specially used for storing the interrupt source clear infor-
mation and the iterrupt clear module 302 which 1s used for
clearing the interrupt source according to the interrupt
source clear information stored in the storage module 301.
Since the nterrupt source clear information 1n this embodi-
ment 1s stored 1n advance in the storage module 301 of the
interrupt controller before the processing of the iterrupt 1s
completed, the interrupt source clear information may be
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directly acquired from the interrupt controller to clear the
interrupt source after the processing of the interrupt is
completed, and thus the time for clearing the interrupt source
may be shortened to a relatively great extent.

The interrupt source clear information 1n this embodiment
includes an interrupt clear register address of a peripheral
which produces the interrupt and content 1n an interrupt
status register corresponding to the interrupt.

Correspondingly, the storage module 301 includes an
interrupt clear register address storage unit and an interrupt
status register content storage unit.

Herein, the interrupt clear module 302 1s arranged to,
when the peripheral 1s 1nitialized, acquire the interrupt clear
register address of the peripheral and store the interrupt clear
register address into the interrupt clear register address
storage unit.

The iterrupt clear module 302 i1s further arranged to,
when the CPU module makes a response to the interrupt
produced by the peripheral, read the content in the interrupt
status register corresponding to the interrupt according to the
interrupt status register address corresponding to the inter-
rupt, and store the content in the interrupt status register
corresponding to the interrupt mnto the interrupt status reg-
ister content storage unit.

In this embodiment, the storage module 301 may further
includes an interrupt status register address storage unit, and
the 1nterrupt clear module 302 may be further arranged to,
when the peripheral 1s mitialized, acquire in advance an
interrupt status register address of the peripheral and store
the interrupt status register address 1nto the interrupt status
register address storage unit. Thereby, when the content in
the interrupt status register corresponding to the interrupt 1s
acquired, it may be acquired by directly using the interrupt
status register address stored in the interrupt status register.

In this embodiment, after the CPU makes the response to
the interrupt and when the content in the interrupt status
register corresponding to the interrupt needs to be acquired,
since the mterrupt controller has already acquired 1n advance
and stored the content in the interrupt status register corre-
sponding to the interrupt, the content may be directly
acquired from the interrupt controller. At this moment, the
interrupt status register content storage unit 1s further
arranged to, after the CPU makes the response to the
interrupt and when the content 1n the interrupt status register
corresponding to the interrupt needs to be acquired, directly
provide the CPU with the content in the interrupt status
register stored by the CPU. In chip design, interaction
between the interrupt controller and the CPU generally has
a very low delay, and thus by temporarily storing the content
needed by the CPU 1n advance into the interrupt controller,
it obviously has a lower access delay to directly acquire the
content from the interrupt controller when the CPU acquires
the content.

In this embodiment, the interrupt clear module 302 1s
arranged to clear the mterrupt source of the mterrupt accord-
ing to the mnterrupt source clear information stored in the
storage module 301 1n accordance with the following
modes: mitiating bus write transmission by adopting the
interrupt clear register address and using the content 1n the
interrupt status register as data to clear the iterrupt source.

The interrupt in this embodiment may specifically refer to
a level-triggered interrupt. Of course, 1t may also be any
other 1nterrupts which need interrupt source clearance.

Embodiment 3

In order to better understand the present document, on the
basis of embodiment 2, this embodiment will further
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describe the solution provided by the present document by
taking a specific interrupt controller as an example.

Please refer to FIG. 4. As compared with the interrupt
controller illustrated in FIG. 1, the interrupt controller
provided by this embodiment 1s added with a storage module
301 and an interrupt clear module 302, herein, the storage
module 301 specifically includes an interrupt status address
register group (corresponding to the interrupt status register
address storage unit), an interrupt clear address register
group (corresponding to abovementioned interrupt clear
register address storage unit) and an interrupt status tempo-
rary register (corresponding to abovementioned interrupt
status register content storage unit); the interrupt status
address register group 1s arranged to store interrupt status
register addresses of a peripheral, and the various registers
in this group are addressed sequentially according to system
interrupt numbers (1.e., specifically, in this embodiment, the
corresponding 1interrupt status register address may be
searched through the mterrupt number); and of course,
addressing may also be performed by adopting other modes
which can realize correspondence one to one. The interrupt
status temporary register 1s arranged to temporarily store
interrupt status register content of an interrupt to which a
response 1s made by a CPU at current. The interrupt clear
address register group 1s arranged to store interrupt clear
register addresses of the peripheral, and the various registers
in this group are addressed sequentially according to system
interrupt numbers (1.¢., specifically, in this embodiment, the
corresponding interrupt clear register address may be
searched through the interrupt number), and of course,
addressing may also be performed by adopting other modes
which can realize correspondence one to one. Each register
in the register group 1n this embodiment 1s 1mplemented
through 32 bits (of course, 1t should be understood that it 1s
not limited to implement through 32 bits).

The mterrupt clear module 302 1n this embodiment 1s
specifically a bus access trigger module and the bus access
trigger module may be arranged to detect the interaction
between the CPU and the interrupt controller to trigger
read/write operations of a response interface (e.g., a master
interface).

Besides, the mterrupt controller provided by this embodi-
ment further realizes a master intertace of a primary bus in
a chip, and the master interface 1s used for reading and
writing peripheral registers.

Based on the abovementioned interrupt controller, an
interrupt processing process 1s as shown in FIG. 5 and FIG.
6, herein, FIG. 5 illustrates a trigger process ol interrupt
source clearance; and FIG. 6 illustrates an operation process

of interrupt source clearance. The process respectively
includes:

In step 301, when a peripheral drive 1s 1mitialized, an
interrupt status register address of a peripheral 1s written 1nto
a corresponding interrupt status address register group, and
an interrupt clear register address of the peripheral 1s written
into a corresponding interrupt clear address register group.

In step 502, mitialization 1s performed and an interrupt 1s
hooked to an operating system, mainly including setting
interrupt enable or not, mterrupt priority and triggering
mode 1n an mterrupt controller, registering the interrupt to
the system, etc.

In step 503, wait for mterrupt trigger.

In step 504, the interrupt 1s triggered, an interrupt number
of a current response 1s read from the 1interrupt controller and
then a corresponding interrupt processing program 1s called
according to an interrupt number 1ndex.
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Under a situation that one peripheral contains a plurality
ol interrupt sources, an terrupt status needs to be read to
judge an mterrupt source that produces the interrupt. Due to
different access speeds of diflerent buses and existence of a
bus bridge, this step needs a CPU to spend certain time and
the time 1s almost the same as the time spent by an interrupt
clearing method. Therefore, 1n this embodiment, once it 1s
monitored that the CPU makes a response to the interrupt (it
may be detected through an interrupt signal sent by the
interrupt controller to the CPU, but 1t 1s not limited to this
monitoring method), a bus read access 1s mitialized 1mme-
diately by adopting a corresponding address 1n the interrupt
status address register group, so as to read 1n advance the
content 1n the interrupt status register of the peripheral into
the interrupt status temporary register.

In step 505, the CPU directly reads the content from the
interrupt status temporary register when the CPU needs to
read the content in the interrupt status register of the
peripheral.

In mobile chip design, interaction between the interrupt
controller and the CPU generally has a very low delay, and
thus by temporarnly storing the data needed by the CPU in
advance 1nto the register in the interrupt controller, 1t obvi-
ously has a lower access delay. If the abovementioned
operation of reading 1n advance performed by the interrupt
controller has not been completed, when reading 1s per-
formed, then the read operation of the CPU 1s blocked firstly
t1ll the read operation of the interrupt controller 1s com-
pleted. Since the read operation of the interrupt controller
has already been started when the interrupt 1s produced just
right, microsecond-scale time has already elapsed when a
drive interrupt service program 1s entered, and thus the
probability of blocking the CPU 1s almost zero.

In step 506, after the CPU completes the processing of the
interrupt, interrupt processing completion 1dentification
information (specific content of the identification informa-
tion 1s defined by the interrupt controller) 1s written 1nto the
interrupt controller to trigger an 1interrupt source clear opera-
tion.

After a drive interrupt processing function in the CPU 1s
executed, a designated value (defined by the interrupt con-
troller, 1.e., interrupt processing completion 1dentification
information) needs to be written back into a designated
register ol the imterrupt controller to mmform the interrupt
controller about the completion of the processing of the
current interrupt, and the interrupt controller may continu-
ously performing sampling to an interrupt line correspond-
ing to the current interrupt to make a response to a new
interrupt. At this moment, the write operation of the CPU
will be monitored by a bus access trigger module (monitor-
ing may be based on but not limited to the written register
address), the bus access trigger module will enable the write
operation of the CPU not to take eflect immediately (if the
write operation of the CPU 1s allowed to take effect, the
current interrupt will be triggered for a second time since the
external interrupt has not been cleared at this moment). The
bus access trigger module simultaneously will trigger the
interrupt controller to 1nitiate bus write transmission for one
time through a master interface by adopting the address
stored 1n the interrupt clear address register and using the
value 1n the mterrupt status temporary register as data to
clear the interrupt source of the peripheral, then enables the
previous write operation of the CPU to be eflective and
enables the sampling performed by the interrupt controller to
the current interrupt line; and when the mterrupt controller
clears the interrupt source, the CPU may continuously
perform other operations or make responses to other inter-
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rupts without waiting for the completion of the clearance of
the current peripheral mterrupt. The abovementioned pro-

cess 1s as 1llustrated 1n FIG. 6 and includes the following
steps:

In step 601, an interrupt controller judges whether a
condition for sending an interrupt signal to a CPU 1s satisfied
according to interrupt enable or not, interrupt triggering
mode and interrupt priority preset by a user; if yes, the
process turns to step 602; and otherwise, judgment 1s con-
tinuously made.

In step 602, the CPU makes a response to the interrupt, a
bus access trigger module detects that the CPU has already
made the response to the iterrupt, a master interface 1s
triggered to initiate bus read transmission for one time by
adopting a corresponding address 1 an interrupt status
address register group, and the obtained data are saved 1n an
interrupt status temporary register.

In step 603, when the CPU reads a value 1n the interrupt
status temporary register, the data are sent to the CPU
through a slave interface of the interrupt controller.

In step 604, when the CPU writes a specific value 1nto a
register designated by the interrupt controller to indicate that
the processing of the interrupt is ended, the bus access
trigger module has monitored the behavior, further triggers
the master interface and simultaneously enables a write
operation of the CPU not to take eflect immediately.

In step 605, the master interface nitiates bus write trans-
mission for one time by adopting a corresponding address
stored 1n an iterrupt clear address register and using a value
in the interrupt status temporary register as data to clear an
interrupt source of a peripheral.

In step 606, the previous write operation of the CPU 1s
enabled to be eflective.

It can be seen that, in the present document, by adding
hardware which 1s used for storing the iterrupt source clear
information and the corresponding bus access trigger mod-
ule 1n the interrupt controller to replace the work of partial
soltware, operation steps which have no requirement on
execution sequence 1n the interrupt processing program can
be executed 1n parallel, 1.e., the mterrupt source clear infor-
mation can be acquired 1n advance and stored 1n the interrupt
controller before the processing of the interrupt 1s com-
pleted, the corresponding interrupt source clear information
can be directly read from the interrupt controller when
interrupt source clearance needs to be performed, and
thereby the time spent by the CPU in processing the interrupt
can be shortened. This has a great significance in a real-time
system which has an excessively heavy interrupt load.
Simultaneously, users do not need to distinguish trigger
types of interrupts during interrupt processing and the inter-
rupt processing process 1s unified.

The abovementioned contents are further detailed
descriptions made to the present document 1n combination
with the specific embodiments, and the specific implemen-
tation of the present document shall not be considered as
limited to these descriptions only. One skilled 1n the art may
turther make some simple deductions or replacements with-
out departing from the concept of the present document, and
such deductions or replacements should be viewed as
included in the protection scope of the present document.

INDUSTRIAL APPLICABILITY

According to the imterrupt processing method and the
interrupt controller 1n the abovementioned technical solu-
tion, before a CPU writes interrupt processing completion
identification information of a current iterrupt to an



US 10,318,454 B2

11

interrupt controller, interrupt source clear information of the
interrupt 1s stored into the interrupt controller; and then
when the 1nterrupt controller receives a request, sent by the
CPU, for writing the interrupt processing completion 1den-
tification mformation, an interrupt source of the interrupt 1s
directly cleared according to the interrupt source clear
information stored in the interrupt controller, and the CPU
does not need to firstly access an interrupt clear register of
a corresponding peripheral through a plurality of bus con-
verter bridges to acquire information needed for clearing the
interrupt source and then perform clearance. Therefore, the
solution provided by the present document can shorten the
time needed for clearing the interrupt source to a relatively
great extent and avoid delaying the response time of other
interrupts. Therelore, the present document has very strong
industnial applicability.

What 1s claimed 1s:
1. An terrupt processing method, comprising:
betore a CPU writes interrupt processing completion
identification information of a current interrupt into an
interrupt controller, storing interrupt source clear infor-
mation of the interrupt 1nto the interrupt controller; and

when the mterrupt controller receives a request, sent by
the CPU, for writing the mterrupt processing comple-
tion 1dentification information, clearing an interrupt
source of the interrupt according to the interrupt source
clear information stored in the interrupt controller,
wherein after the CPU processes the interrupt, the
clearance of the interrupt source can be directly per-
formed according to the interrupt source clear infor-
mation stored 1n advance 1n the interrupt controller,

wherein, the interrupt source clear information comprises
an 1terrupt clear register address of a peripheral which
produces the interrupt and content in an 1nterrupt status
register corresponding to the interrupt,
wherein, the step of storing the interrupt source clear
information of the interrupt into the interrupt controller
CoOmprises:

when the CPU makes a response to the interrupt produced
by the peripheral, reading content in the interrupt status
register corresponding to the interrupt according to the
interrupt status register address, and storing the content
in the interrupt status register corresponding to the
interrupt into the interrupt controller,

wherein, aiter the CPU makes the response to the interrupt

and when the content in the interrupt status register
corresponding to the mterrupt needs to be acquired, the
content 1s acquired from the interrupt controller by
directly using the interrupt status register address stored
in the mterrupt status register.

2. The interrupt processing method according to claim 1,
wherein, the step of storing the iterrupt source clear infor-
mation of the interrupt into the interrupt controller com-
Prises:

when the peripheral 1s mitialized, acquiring the interrupt

clear register address of the peripheral and storing the
interrupt clear register address into the interrupt con-
troller.

3. The interrupt processing method according to claim 2,
wherein, the step of clearing the interrupt source of the
interrupt according to the nterrupt source clear information
stored 1n the interrupt controller comprises:

initiating bus write transmission by adopting the interrupt

clear register address and using the content 1n the
interrupt status register as data to clear the interrupt
source.
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4. The interrupt processing method according to claim 1,
the method further comprises: when the peripheral 1s 1ni-
tialized, acquiring an interrupt status register address of the
peripheral and storing the interrupt status register address
into the interrupt controller.

5. The nterrupt processing method according to claim 4,
wherein, the step of clearing the interrupt source of the
interrupt according to the interrupt source clear information
stored 1n the interrupt controller comprises:

initiating bus write transmission by adopting the interrupt

clear register address and using the content 1n the
interrupt status register as data to clear the interrupt
source.

6. The interrupt processing method according to claim 1,
wherein, the step of clearing the interrupt source of the
interrupt according to the interrupt source clear information
stored 1n the interrupt controller comprises:

inmitiating bus write transmission by adopting the interrupt

clear register address and using the content in the
interrupt status register as data to clear the interrupt
source.

7. The mterrupt processing method according to claim 1,
wherein, the interrupt 1s a level-triggered interrupt.

8. An terrupt controller, comprising a storage module
and an interrupt clear module, wherein,

the interrupt clear module 1s arranged to, before a CPU

writes 1nterrupt processing completion identification
information of a current interrupt into the interrupt
controller, acquire interrupt source clear information of
the mterrupt and store the mterrupt source clear infor-
mation into the storage module; and when the interrupt
controller receives a request, sent by the CPU, {for
writing the nterrupt processing completion identifica-
tion mformation, clear an mterrupt source of the inter-
rupt according to the interrupt source clear information
stored in the storage module, wherein after the CPU
processes the interrupt, the clearance of the interrupt
source can be directly performed according to the
interrupt source clear information stored 1n advance 1n
the interrupt controller; and

the storage module 1s arranged to store the interrupt

source clear information,

wherein, the interrupt source clear information comprises

an 1nterrupt clear register address of a peripheral which
produces the interrupt and content in an interrupt status
register corresponding to the interrupt,

the storage module comprises an interrupt status register

content storage unit;

the interrupt clear module is further arranged to, when the

CPU module makes a response to the interrupt pro-
duced by the peripheral, read the content 1n the inter-
rupt status register corresponding to the interrupt
according to the interrupt status register address, and
store the content 1n the interrupt status register corre-
sponding to the interrupt into the interrupt status reg-
ister content storage unit; and

the interrupt status register content storage unit 1s

arranged to store the content in the interrupt status
register corresponding to the interrupt,

wherein, the interrupt status register content storage unit

1s Turther arranged to, after the CPU makes the response
to the interrupt and when the content 1n the nterrupt
status register corresponding to the interrupt needs to
be acquired, provide the CPU with the content in the
interrupt status register stored by the interrupt status
register content storage unit.
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9. The interrupt controller according to claim 8, wherein,
the storage module further comprises an interrupt clear
register address storage unit;

the interrupt clear module 1s further arranged to, when the

peripheral 1s mitialized, acquire the interrupt clear
register address of the peripheral and store the interrupt
clear register address into the interrupt clear register
address storage unit; and

the mterrupt clear register address storage unit 1s arranged
to store the interrupt clear register address of the
peripheral.

10. The mterrupt controller according to claim 9, wherein,
the interrupt clear module 1s arranged to clear the interrupt
source of the interrupt according to the iterrupt source clear
information stored 1n the storage module 1n accordance with
the following modes:

initiating bus write transmission by adopting the interrupt

clear register address and using the content 1n the
interrupt status register as data to clear the interrupt
source.

11. The interrupt controller according to claim 8, wherein,
the storage module further comprises an iterrupt status
register address storage unit;

the interrupt clear module 1s further arranged to, when the

peripheral 1s mitialized, acquire an interrupt status
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register address of the peripheral and store the interrupt
status register address 1nto the interrupt status register
address storage unit; and

the interrupt status register address storage unit 1s

arranged to store the mterrupt status register address of
the peripheral.

12. The interrupt controller according to claim 11,
wherein, the interrupt clear module 1s arranged to clear the
interrupt source of the iterrupt according to the interrupt
source clear information stored in the storage module 1n
accordance with the following modes:

initiating bus write transmission by adopting the interrupt

clear register address and using the content in the
interrupt status register as data to clear the interrupt
source.

13. The interrupt controller according to claim 8, wherein,
the interrupt clear module 1s arranged to clear the interrupt
source of the mterrupt according to the interrupt source clear
information stored 1n the storage module 1n accordance with

20 the following modes:

initiating bus write transmission by adopting the interrupt
clear register address and using the content 1n the
interrupt status register as data to clear the interrupt
source.
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